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Introduction
The search for synthetic novel materials with well targeted physical properties is a strategic route for proposing solutions in the field of Materials Science. Simple rules can be followed to devise new stoichiometries with specific properties. As an example boron nitride is an artificial binary which 'mimics' carbon: From the electronic count standpoint, the configurations of the neutral atoms: B ( as alkaline-earth Ba2NF [2] and Mg2NF [3] and transition metal based TiNF [4] as well as
ZrNF [5] . Their investigations carried out within the well established quantum mechanical density functional theory DFT [6, 7] led to provide a better understanding of such mixedanions compounds with potential properties like anisotropic electric conduction, optical anisotropy as well as its growth in thin films or at nanoscopic scales [8] . In TiNF [9] and ThNF [10] the arrangements of the N and F substructures were analyzed based on DFT computations focusing on the energetic parameters and the chemical bonding as well as the group-subgroup relationship.
CrO2, one of the rare ferromagnetic oxides at room temperature (TC 400 K) and 2 B magnetization per formula unit (FU) implicitly assigned to tetravalent Cr with 3d 2 configuration, is known for its use in magnetic recording applications [11] . Since its early discovery [12] , several works were devoted to its physical properties [13] . DFT band structure calculations go beyond the phenomenological description by identifying a half metallic ferromagnet HMF behavior [14, 15] , i.e. it is metallic for majority spins () and insulating for minority spins () (cf. Fig. 5 ). The calculated magnetic band structure was confirmed later on by magneto-optic spectroscopy investigations [16] .
The present work presents a proposition of the crystal, electronic, and magnetic structures as well as the bonding properties of chromium nitride fluoride CrNF, devised in the framework of the DFT from the electronic rules presented above and the group-subgroup relationships.
Close relationships for the electronic and magnetic properties of CrNF are established with isoelectronic and structurally related CrO2, well known in high density magnetic recording media during last century.
Computational details
Two computational methods within the DFT were used in a complementary manner. The
Vienna ab initio simulation package (VASP) code [17, 18] allows geometry optimization and total energy calculations. For this we use the projector augmented wave (PAW) method [18, 19] , built within the generalized gradient approximation (GGA) scheme following Perdew, Burke and Ernzerhof (PBE) [20] . The conjugate-gradient algorithm [21] is used in this computational scheme to relax the atoms. The tetrahedron method with Blöchl corrections [19] as well as Methfessel-Paxton [22] Brillouin-zone (BZ) integrals were approximated using the special k-point sampling of Monkhorst and Pack [23] . A large number of 150 k-points was used in the irreducible wedges of the respective BZ to perform total energy calculations. The optimization of the structural parameters was performed until the forces on the atoms were less than 0.02 eVÅ -1 and all stress components less than 0.003 eVÅ -3 . Calculations assuming firstly a non spin polarized (NSP) configuration then spin polarized (SP) calculations were carried out.
Subsequent all-electron calculations, equally based on DFT with a GGA functional were carried out with the optimized parameters for a full description of the electronic and magnetic structures and the chemical bonding properties. They were performed using the augmented spherical wave (ASW) method [24, 25] in a scalar relativistic implementation [26] . In the ASW method, the wave function is expanded in atom-centered augmented spherical waves, which are Hankel functions and numerical solutions of Schrödinger's equation, respectively, outside and inside the so-called augmentation spheres. In the minimal ASW basis set, we chose the outermost shells to represent the valence states and the matrix elements were constructed using partial waves up to lmax + 1 = 3 for Cr and lmax + 1 = 2 for N and F. Low energy lying F(2s) were considered as core states. In order to optimize the basis set, additional augmented spherical waves are placed at carefully selected interstitial sites (IS). Self-consistency was achieved when charge transfers and energy changes between two successive cycles were such as: Q < 10 -8 and E < 10 -6 eV, respectively. The BZ integrations were performed using the linear tetrahedron method within the irreducible wedge [19] . 3 Geometry optimization and EOS.
3-1 Geometry optimization
The rutile ground state crystal structure of CrO2 is tetragonal with P42/mnm space group For the purpose of geometry optimization and search for the ground state structure, non spin polarized (NSP) were carried out starting from CoReO4 (based centered orthorhombic) and MgUO4 (body centered orthorhombic) types [28] . The respective orthorhombic symmetries were preserved at self consistent convergence. The fully relaxed structure parameters and the corresponding energies and volumes are given in Table 1 
where Eo, Vo, Bo and B ' are the equilibrium energy, the volume, the bulk modulus and its pressure derivative, respectively. The fit results in the inserts of curves is maximum while they meet at low volume. This is expected in as far as the effect of decreasing volume (increasing pressure) is to reduce the localization of the d states needed for the onset of the magnetic moment. Consequently the magnetization should vanish at high pressure, i.e. at volumes below the equilibrium.
3.3-Magnetic response to exerted pressure
From above an estimate of the pressure magnitude required to destroy the magnetization is obtained from the Birch relationship providing the pressure [29] :
Taking the fit values Bo, B', Vo of the SP curve for the MgUO4-derived structure and the volume V' as V(NSP), P is calculated to be 11 GPa. This value is much smaller than the one calculated for CrO2 of 120 GPa [30] . CrNF is then assigned a "soft" magnetic behavior while CrO2 is a "hard" ferromagnet. This is further illustrated with the plots of the volume change of the magnetization shown for MgUO4-type CrNF and for CrO2 in Fig. 3 
All-electrons calculations.
The electronic and magnetic structures and the chemical bonding properties were calculated for the ground state structure of CrNF with the optimized structure parameters.
Calculations with the CoReO4-type CrNF led to similar results.
Firstly NSP calculations were done to assign a role of each chemical species in the valence band (VB) and conduction band (CB). With the ASW method one starts from neutral atoms; at self consistency (energy and charge) using 432 k-points generated from 1728 (12  12  12) k-points in the orthorhombic BZ, there is charge redistribution between the atomic species. This does not translate the ionic picture as F -despite the large ionic character of fluorine but the charge transfer is actually observed from Cr to N, F and IS, in agreement with the expectations of chemistry, i.e. from the metallic species to the anions (N, F) and IS which receive charge residues, i.e. less than 0.1 electron.
Non magnetic calculations and bonding properties.
The NSP site projected DOS (PDOS) accounting for site multiplicity are shown in Lastly for a search of the magnetic ground state, antiferromagnetic AF orders were enforced. This can be justified in so far that CrN is AF in its orthorhombic structure (cf. [33] and therein cites references).
The Cr12Cr22N4F4 stoichiometry in the MgUO4 -type ground state structure (Table 1) allows splitting the unit cell into two magnetic subcells with one Cr1Cr2N2F2 subcell as ( b-the method using fluorinated fluxes on CrN following a protocol proposed [5] for preparing ZrNF.
The latter protocol seems relevant from the electronic structure characteristics of CrNF, whereby within CrN, covalent Cr-N bonding is expected to be modified but still keep prevalent upon introducing fluorine either by F2 fluxes or by use of F2 pressure [35] .
Other aspects related to the temperature and other preparation conditions (bulk, films…) are also under consideration.
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